Silica glass has been widely used in optical waveguides because of its superior optical transmission characteristics. Germanium (Ge) is typically doped into silica glass (germanosilicate, Ge:SiO 2 ) to increase the refractive index of optical waveguides. Many interesting phenomena can be observed in Ge:SiO 2 glass under ultraviolet irradiation, such as refractive index changes and increases in second order optical non-linearity. Some researchers have reported the presence of the Pockels effect in poled Ge:SiO 2 glass. Because the second order optical non-linearity and Pockels effect are observed in materials lacking point symmetry, there will also be piezoelectricity in poled Ge:SiO 2 glass.
We observed piezoelectricity not only in Ge:SiO 2 glass but also in tetravalent-metal (such as titanium (Ti) and tin (Sn))-doped silica (M 4+ :SiO 2 ) glass films fabricated by RF magnetron sputtering and subjected to poling treatment. However the piezoelectricity rapidly disappeared with time. In many samples, the piezoelectricity disappeared almost completely in a matter of days. To prevent piezoelectricity disappearing, we proposed a one-dimensional lattice structure composed of amorphous dielectric layers as shown in Fig.1 . We used germanium-doped silica (Ge:SiO 2 ), titanium-doped silica (Ti:SiO 2 ), and tin-doped silica (Sn:SiO 2 ) for the A, B, and C layers, respectively. The M 4+ ions became displaced and scattered across the layer boundary as a result of thermal poling. The M 4+ ions that penetrate the adjacent layer may be trapped because of the differences in ion radii. This structure prevented the electric polarization from disappearing. The one dimensional lattice structure shown in Fig. 1 has the same material symmetry as that of c-axis-oriented piezoelectric film. We named this a superstructure. The superstructure films were prepared by RF magnetron sputtering. After depositing the film, thermal poling was completed at about 350-400ºC with an electric field of 20 -40 MV/m. Figure 2 shows aging characteristics of the piezoelectric constant of the superstructure films, where horizontal axis is elapsed time after poling and vertical axis is the piezoelectric constant d 33 . Parameter p in Fig. 2 is the thickness of each layer (periodicity) of the superstructure. For very thin layer thickness, piezoelectricity of more than 50% of quartz was obtained and it maintained for a long time.
Substituting Zr for Sn, piezoelectricity of 80% of quartz was obtained. However, the reproducibility is not so well and we have not obtained the optimum construction condition yet. Pyroelectricity, Pockels effect and anomalous photovoltaic effect were observed in superstructure films.
Furthermore, visible luminescence was observed by ultrasonic illumination. Figure 3 shows the luminescent spectrum. Curve (1) shows the luminescent spectrum by the superstructure film and curve (2) shows the spectrum by a monolayer SiO 2 film with mixed dopants of Ge, Ti and Sn. The superstructure is effective for increasing the luminescence.
In conclusion, we proposed silica-based superstructure film. The structure is effective for stabilize the poling in the film. Visible luminescence was also observed in the superstructure film. Because many parameters affects to the electrical and optical characteristics of the film, further study is necessary to clarify the optimum structure and fabrication conditions. 
